###### Strengths and limitations of the study

-   One of the first studies to report the trends in the population burden and management of hypertension from the low-income and middle-income countries.

-   The study surveyed representative samples from the same population using similar methodologies and was adequately powered to compare hypertension burden at two time periods.

-   The instrument used for blood pressure measurement was different in the two studies. This was inevitable since the apparatus used in first survey was unavailable at the time of the next survey.

-   Behavioural risk factors like diet and physical activity were not assessed during the first survey and therefore not reported and they could account for difference in blood pressure levels as discussed.

-   The study being restricted to urban and rural National Capital Region of Delhi, may not be generalisable across India.

Introduction {#s1}
============

High blood pressure (HBP) is the single largest risk factor for disease burden worldwide. In India, HBP has now emerged as a leading risk factor for mortality.[@R1] Several studies over the years have shown increasing prevalence of hypertension in India.[@R2] Kearney *et al* in their paper predicted that the burden of hypertension in India is expected to almost double from 118 million in 2000 to 213.5 million by 2025.[@R5] A recent systematic analysis suggested high prevalence with poor awareness, treatment and control of hypertension in India.[@R6]

At the population level, the effect of rise in blood pressure is continuous with increasing cardiovascular risk with rise of blood pressure above 115/75 mm Hg.[@R7] According to the Global Burden of Disease-2015 analysis, the estimated rate of annual deaths associated with systolic blood pressure (SBP) of at least 110--115 mm Hg between 1990 and 2015 has increased from 135.6 to 145.2 per 100 000 persons.[@R8] However, data from India on trends of population blood pressure distribution, hypertension prevalence, awareness, treatment and control in representative population over time are scarce due to absence of active surveillance. These data are important to formulate informed policy as HBP is one of the key targets to reduce premature mortality due to cardiovascular diseases (CVD) set by WHO and the Indian government.[@R9]

We conducted two surveys on prevalence of cardiovascular risk factors between April 1991 and June 1994 (survey 1) and August 2010 and January 2012 (survey 2) in National Capital Region (NCR) of India (urban Delhi and adjoining rural Haryana). These surveys enabled us to estimate the changes in blood pressure prevalence and management in this population over this time period.

Methods {#s2}
=======

Study population and sample size {#s2a}
--------------------------------

The two cross-sectional surveys were carried out in adults aged 35--64 years using a multistage cluster random sampling method in the urban area and a simple random sampling method in the rural area to assess the prevalence of coronary artery disease (CAD) and its risk factors. The sample size was calculated based on estimated prevalence of CAD in the population. The details of sample size calculation were published elsewhere.[@R11] Based on this, 5535 participants were recruited for survey 1 (urban: 3048; rural: 2487) and 3969 were recruited for survey 2 (urban: 2052; rural: 1917). In both surveys, all eligible individuals from the primary sampling unit (household) were approached for their consent to participate in the survey.

Data collection {#s2b}
---------------

Both the surveys got ethical clearance from institutional ethics committees of the participating institutions. The data were collected through household visits using a standardised questionnaire. Blood sampling was done through physician-led medical camps using standardised equipments and methods. In survey 1, blood pressure was measured using a random zero sphygmomanometer, whereas in survey 2, an automated blood pressure machine (OMRON (HEM-7080)) was used. In both surveys, two blood pressure readings were recorded in sitting position, 5 min apart. If the difference between the two readings was more than 10 mm Hg, a third measurement was taken. The mean of the last two measurements were taken for final analysis. Operational definitions were as follows: prehypertension and hypertension were defined using the Joint National Committee VII criteria[@R12] (SBP 120--139 mm Hg and/or diastolic blood pressure (DBP) 80--89 mm Hg for prehypertension and SBP ≥140 mm Hg and/or DBP ≥90 mm Hg or on blood pressure lowering medication for hypertension). Those who were diagnosed with hypertension were further classified in to stage I (SBP 140--159 mm Hg and/or DBP 90--99 mm Hg) and stage II (SBP ≥160 mm Hg and/or DBP ≥100 mm Hg).

Hypertension awareness, treatment and control were analysed in hypertensive participants based on questionnaires and blood pressure measurements. Among the hypertensive participants, self-report of any previous clinical diagnosis of hypertension was defined as awareness of hypertension. Self-reported antihypertension medication use was defined as on treatment and a mean SBP \<140 mm Hg and DBP \<90 mm Hg was defined as control of hypertension among the participants with hypertension.

Statistical analysis {#s2c}
--------------------

STATA 12.1 was used for the statistical analysis. Prevalence of hypertension along with their SEs and ratios between survey 1 and survey 2 and the awareness, treatment and control levels during survey 1 and survey 2 are presented. The age-adjusted and gender-adjusted prevalence of hypertension were calculated using Indian census data for 2011 as standard population. Hypertension prevalence was analysed by selected demographic and health characteristics: gender, place of residence (urban/rural), age category (35--44, 45--54, 55--64 years), educational status, body mass index (BMI), blood glucose level and alcohol use. Educational status was defined as follows: low (illiterate to primary level), medium (middle to high school) and high (higher secondary and above). WHO cut-offs were used to categorise BMI values (normal: BMI \<25 kg/m^2^, overweight: BMI 25 to \<30 kg/m^2^, obesity: BMI ≥30 kg/m^2^) and abdominal obesity (waist to hip ratio \>0.90 for men and \>0.85 for women). Blood glucose levels were categorised as normoglycaemic (fasting plasma glucose (FPG) \<100 mg/dL), impaired fasting glucose (FPG 100 to \<126 mg/dL) and diabetes (FPG≥126 mg/dL). Alcohol use was defined as any use in the last 12 months of any alcohol product. The difference in proportions between the surveys was evaluated using χ^2^ test. Any p value\<0.05 was considered statistically significant. Logistic regression models were constructed for urban and rural populations separately defining prevalence of hypertension as outcome variable and time period (survey 2 vs survey 1) as exposure variables. We added covariates as categorical variables (age groups, gender, obesity, waist to hip ratio, diabetes and alcohol use), stepwise to the logistic regression model. Adjusted ORs and 95% CIs were reported. We also assessed the interaction between time (survey 1; survey 2) and other covariates mentioned above using likelihood test. If the interaction was found to be significant, then stratified analysis was reported. We additionally conducted a sensitivity analysis to account for suboptimal response for biochemical data in survey 1 (\<65%) by applying inverse probability weighting (IPW).[@R13] Those who did not participate for blood collection were more likely to be females, lesser educated, smokers and with low BMI. The IPW approach weighted the analysis by the inverse of the predicted probability of being observed at a given time point. This was computed based on a logistic model with gender, education, smoking status and BMI as predictors for non-response bias for survey 1 and gender, education, smoking status, BMI, time of survey and site as predictors for both survey together.

Results {#s3}
=======

A total of 3048 (mean (SD) age: 46.8 (9.0) years; 52.3% females) and 2052 (mean (SD) age: 46.5 (8.4) years; 54.2% females) subjects of urban areas and 2487 (mean (SD) age: 46.6 (8.8) years; 57.0% females) and 1917 (mean (SD) age: 46.5 (8.5) years; 51.3% females) subjects of rural areas were recruited in survey 1 and survey 2, respectively. Ninety-nine per cent of the participants in both surveys had their blood pressure measured. Among those surveyed, 95% and 78% in survey 1 and survey 2, respectively, of the urban sample and 51% and 65% in survey 1 and survey 2, respectively, of the rural sample agreed to provide a fasting blood sample for biochemical analysis.

The prevalence of hypertension increased from 23.0% to 42.2% and 11.2% to 28.9% in urban and rural NCR of Delhi, respectively between the two surveys. The increase in prevalence was by 83% in urban NCR and 158% in rural NCR. The rise in prevalence was more in men with a rise of 94% and 73% in urban areas and 191% and 125% in rural areas in men and women, respectively ([table 1](#T1){ref-type="table"}). The age-specific prevalence of hypertension revealed an increase in prevalence at all ages except in the highest age group (55--64 years) of urban men and women. The rise in age-specific prevalence was highest in the youngest age group (35--44) with a rise in prevalence of 153%, 115%, 239% and 336%, in urban men, urban women, rural men and rural women, respectively.

###### 

Age and sex standardised and age-specific prevalence of hypertension: survey 1 and survey 2

            Rural   Urban                                                                                                                
  --------- ------- ------- ------ ------ ------ ------ --------- ------------------ ------ ------ ------ ------ ------ ------ --------- -------------------
  Total     2469    11.2    0.01   1914   28.9   1      \<0.001   2.6 (2.3 to 2.9)   3041   23     0.01   2026   42.2   1.1    \<0.001   1.8 (1.6 to 1.9)
  Men       1065    12.2    0.01   981    32.6   1.5    \<0.001   2.7 (2.2 to 3.3)   1451   22.3   0.01   924    43.3   1.6    \<0.001   1.9 (1.8 to 2.3)
  Women     1404    10.2    0.01   933    25.2   1.4    \<0.001   2.5 (2.4 to 3.6)   1590   23.8   0.01   1102   41.1   1.4    \<0.001   1.7 (1.5 to 2.0)
  Men                                                                                                                                    
   35--44   441     8.1     0.01   459    27.4   0.02   \<0.001   3.4 (2.4 to 4.8)   646    13.4   0.01   434    33.9   0.02   \<0.001   2.5 (2.0 to 3.3)
   45--54   318     12.2    0.02   315    36.1   0.03   \<0.001   3.0 (2.1 to 4.1)   432    21.6   0.02   299    47.9   0.03   \<0.001   2.2 (1.8 to 2.8)
   55--64   306     21.6    0.02   207    38.6   0.03   \<0.001   1.8 (1.4 to 2.4)   373    34.5   0.03   191    42.5   0.02   NS        1.2 (1.0 to 1.6)
  Women                                                                                                                                  
   35--44   667     4.3     0.01   433    18.7   0.02   \<0.001   4.4 (3.1 to 6.9)   723    12.8   0.01   521    27.6   0.02   \<0.001   2.2 (1.8 to 2.8)
   45--54   438     9.4     0.01   277    28.5   0.03   0.001     3.0 (2.2 to 4.4)   450    25.9   0.02   321    46.9   0.03   \<0.001   1.8 (1.5 to 2.2)
   55--64   299     23.1    0.02   223    33.3   0.03   0.011     1.4 (1.1 to 1.9)   417    57.6   0.04   260    59.8   0.03   NS        1.0 (0.99 to 1.6)

Ratio, survey 2/survey 1.

n, sample size; NS, not statistically significant.

The distribution of blood pressure in the population (excluding those on antihypertensive therapy) changed significantly over the years. In survey 2, there was lesser proportion of the people with optimum blood pressure values (BP\<120/80 mm Hg) and a higher proportion of individuals with prehypertension, stage I and stage II hypertension ([figure 1](#F1){ref-type="fig"})compared with survey 1. This change of distribution was similar across men and women in NCR and also both in urban and rural areas.

![Distribution of blood pressure categories (%) in untreated population of National Capital Region of Delhi: (A) urban men, (B) urban women, (C) rural men and (D) rural women. HT, hypertension.](bmjopen-2016-015639f01){#F1}

The prevalence of hypertension was stratified by other known risk factors associated with blood pressure ([figure 2](#F2){ref-type="fig"}). Hypertension prevalence increased with increasing BMI and education categories in both urban and rural population ([figure 2](#F2){ref-type="fig"}). The prevalence was highest among those with diabetes followed by those with impaired fasting blood glucose in both urban and rural areas ([figure 2](#F2){ref-type="fig"}). Alcohol users had higher prevalence of hypertension ([figure 2](#F2){ref-type="fig"}). The prevalence increased in each of these categories in survey 2 as compared with survey 1.

![Prevalence (%) of hypertension stratified by risk factors: (A) education status, (B) body mass index (BMI), (C) fasting plasma glucose and (D) alcohol use.](bmjopen-2016-015639f02){#F2}

The distribution of risk factors in those with and without hypertension in urban and rural areas is as given in online [supplementary table 1](#SP1){ref-type="supplementary-material"}. The prevalence of alcohol use, obesity, abdominal obesity and diabetes increased significantly among those with hypertension in survey 2 compared with survey 1. The relative increase in hypertension prevalence between the surveys was modelled as if there was no change in these risk factors and the demographic profile between the surveys. The increased OR of hypertension in survey 2 as compared with survey 1 persisted even after adjusting for these factors. On analysis, a significant interaction between time and age was observed. The age stratified models suggested higher odds of change in hypertension prevalence among the youngest age group in both urban and rural areas ([table 2](#T2){ref-type="table"}). The sensitivity analysis using IPW did not show any significant difference in the estimates after accounting for the suboptimal response for blood sampling in survey 1 (data not shown).
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###### Supplementary Table 1

There was no change in the overall awareness, treatment and control rates of hypertension between the two surveys in the NCR ([table 3](#T3){ref-type="table"}). When stratified by gender, the awareness, treatment and control rates of hypertension in men decreased in the second survey while awareness and treatment but not control rates improved in women. The overall rates of all three parameters were higher in woman than men. Similarly, in urban areas, there was no change in the overall awareness, treatment and control rates of hypertension between the two surveys though all three parameters decreased in men with no significant change in women with higher overall rates in women. In rural NCR, the overall awareness, treatment and control rates of hypertension improved between the two surveys. This was seen in men and women except for control rates in men which did not improve. However, though all three rates improved in rural areas, the overall awareness (46.4% vs 26.8%), treatment (40.0% vs 20.4%) and control rates (15.9% vs 8.0%) in rural areas remained much lower than in urban areas.

###### 

Odds of hypertension in survey 2 relative to odds for hypertension in survey 1

                                                                              OR (95% CI)        
  --------------------------------------------------------------------------- ------------------ ------------------
  Unadjusted                                                                  3.2 (2.7 to 3.8)   2.3 (2.0 to 2.6)
  Model 1: Adjusted for age                                                   3.4 (2.9 to 4.0)   2.6 (2.3 to 2.9)
  Model 2: Adjusted for age and gender                                        3.3 (2.8 to 3.9)   2.6 (2.3 to 2.9)
  Model 3: Adjusted for age, gender and obesity                               3.1 (2.6 to 3.6)   2.6 (2.2 to 2.9)
  Model 4: Adjusted for age, gender and WHR                                   3.1 (2.6 to 3.6)   2.4 (2.1 to 2.8)
  Model 5: Adjusted for age, gender, obesity and WHR                          2.9 (2.4 to 3.4)   2.4 (2.1 to 2.8)
  Model 6: Adjusted for age, gender, obesity, WHR and diabetes                3.3 (2.6 to 4.1)   2.4 (2.1 to 2.7)
  Model 7: Adjusted for age, gender, obesity, WHR, diabetes and alcohol use   3.1 (2.4 to 4.0)   2.3 (2.0 to 2.7)
  Model 8: Model 7 stratified by age groups                                                      
    Age 35--44 years                                                          5.0 (3.0 to 8.4)   2.7 (2.1 to 3.4)
    Age 45--54 years                                                          1.6 (1.2 to 2.1)   2.1 (1.6 to 2.6)
    Age 55--64 years                                                          2.1 (1.6 to 2.9)   2.6 (1.9 to 3.4)

Obesity: BMI ≥30 kg/m^2^; diabetes: FPG ≥126 mg/dL or on medication; abdominal obesity: WHR \>0.90 for men and WHR \>0.85 for women; p value for interaction between time and age (rural), p=0.0001; p-value for interaction between time and age (urban), p=0.0008.

BMI, body mass index; FPG, fasting plasma glucose; WHR, waist to hip ratio.

###### 

Hypertension awareness, treatment and control among hypertensive population in National Capital Region of Delhi: survey 1 and survey 2

           Awareness   Treatment   Control                                         
  -------- ----------- ----------- --------- ------ ------ --------- ------ ------ ---------
  Total    37.5        38.7        NS        32.0   32.3   NS        14.4   12.8   NS
   Men     33.1        26.8        0.02      28.3   21.1   0.01      13.1   7.1    0.01
   Women   41.5        51.1        0.001     35.4   43.9   0.001     15.6   18.7   NS
  Urban                                                                            
   Total   49.0        46.4        NS        41.6   40.0   NS        19.0   15.9   NS
   Men     44.3        34.7        0.01      37.8   29.2   0.01      17.6   10.7   0.01
   Women   53.2        56.9        NS        45.0   49.6   NS        20.2   20.4   NS
  Rural                                                                            
   Total   7.2         26.8        0.001     6.8    20.4   0.01      2.5    8.0    0.001
   Men     5.7         17.0        0.001     5.0    11.0   0.04      2.1    2.5    NS
   Women   8.7         40.0        \<0.001   8.7    33.2   \<0.001   2.9    15.3   \<0.001

NS, not statistically significant.

Discussion {#s4}
==========

The repeat survey in NCR of Delhi done after two decades shows (1) continued gradient in urban rural prevalence of hypertension; (2) significant increases in prevalence of hypertension both in urban and rural areas with a higher increase in rural areas; (3) highest increase in prevalence of hypertension in the youngest age group (35--44 years) surveyed; (4) a rightward shift in the distribution of blood pressure in both urban and rural populations with fewer individuals with optimum blood pressure (\<120/80); (5) strong relationship between hypertension and BMI, education level, fasting glucose levels and alcohol use; however, even after adjusting for all these predictor variables the odds of hypertension prevalence remained higher in the second survey; (6) no change in overall awareness, treatment and control rates of hypertension in NCR.

Prevalence of hypertension has been consistently increasing over the years; however, most reviews from India have included old studies. Recent repeat surveys done in other cities have shown varying results. A study from Jaipur revealed no significant change in hypertension prevalence over two decades from 1990 with a decrease in mean SBP during this period.[@R14] A repeat survey from Chennai showed rise in self-reported prevalence in hypertension in low-income and middle-income groups.[@R15] However, these studies included only urban subjects and used convenience sampling and thus were not representative of the population. Our study done on a representative urban and rural sample revealed that the prevalence of hypertension increased in urban and rural areas with a higher rate of rise in the rural population. A recent systematic review of hypertension found a prevalence of 27.6% in rural India though it was only 16.7% in rural Northern India[@R6] which was at variance with our findings. However, more recent studies from North India have suggested prevalence of 22% and 32% in similar age groups, which is close to the prevalence in our study of 28.9% and those from other parts of rural India.[@R16]

The age stratified prevalence showed increase in all age groups except the oldest in urban areas, with the highest rate of rise of hypertension in the youngest age group (35--44 years). Indirect evidence of high burden of risk factors in young comes from occurrence of CVD at younger age in South Asians as compared the Caucasians.[@R4] A study among the young individuals (20--30 years) from South India revealed a very high burden of 45.2% of prehypertension in the population.[@R18] However, the rapid rise of the burden of hypertension in young in last two decades has probably been demonstrated for the first time in this study and is worrisome and calls for urgent action to prevent further burden of premature CVD in Indians.

The other important finding was the worsening of population blood pressure levels over two decades with a significantly lower proportion of the population having optimum blood pressure and more of them having prehypertension and hypertension. Small shifts in population blood pressure levels is known to lead to large increases in the burden of CVD in the community[@R7] and thus this also portends future worsening of CVD epidemic in India. It calls for population level intervention like advocacy for salt reduction, weight reduction and increase physical activity. The prevalence of hypertension was expectantly dependant on BMI and fasting glucose levels with higher rates among overweight and obese and those with impaired fasting glucose and diabetes. This finding is consistent across most studies in India and abroad.[@R19] The association of hypertension in India with education is variable. A recent large cohort study from South Asia reported higher prevalence among more educated.[@R22] Some have reported reverse gradient with education[@R23] while others have reported no relationship[@R24] Alcohol use was associated with higher prevalence of hypertension as seen in other studies.[@R26] Limited data from South Asia suggests higher blood pressure levels in alcohol users[@R27] and also higher probability of myocardial infarction in them than alcohol abstainers[@R28] unlike other population groups. Interestingly, the rise in prevalence of hypertension in survey 2 was significant even after adjusting for these factors. This could be due to other unmeasured lifestyle factors known to be associated with HBP like diet, physical activity, stress and so on, data for which were not available for both studies.

The prevalence, awareness and control rates for hypertension were overall suboptimal with no improvement between the two surveys. The rates of awareness, treatment and control of hypertension were comparable with the pooled estimates reported in systematic reviews with better rates in urban areas as compared with rural areas.[@R2] Additionally, these rates were better in women as compared with men, as has been reported consistently in large studies from India and abroad.[@R29] This is related to greater health-seeking behaviour in women.[@R30] This study additionally provided insights into the change in these rates over the last two decades which is not available from India earlier. The disturbing fact was that despite rising prevalence of hypertension, there was no improvement in these rates with all three rates worsening in men with improvement in awareness, treatment but not control rates in women. When analysed by site and gender all rates except control rates in men improved in rural areas while in urban areas they worsened in men and remained unchanged in women. However, the overall rates in rural areas were still much lower than urban areas and the improvement in rural areas could be attributed to low rates in the first survey.

Strengths and limitations {#s4a}
-------------------------

The strengths of this study is that it surveyed population representative sample in the same population using similar methodologies and was adequately powered, thus providing opportunity to compare hypertension statistics at two time periods. Such temporal trend was not available from urban and rural areas of India earlier. One of the limitations of this study is that the apparatus used for blood pressure measurement was different in the two studies. This was inevitable since the apparatus used in first survey was unavailable at the time of the next survey. The two apparatus have marginal difference and if anything the current method of automated blood pressure monitors is known to underestimate blood pressure[@R31] and thus the prevalence and shift in blood pressure levels in the population would only be higher. The other limitation is that behavioural risk factors like diet and physical activity were not assessed during the first survey and therefore not reported and they could account for difference in blood pressure levels as discussed. In addition, macro level changes in the population like socioeconomic transition, urbanisation, policy and so on are not accounted for in our study. The study being restricted to urban and rural NCR of Delhi may not be generalisable across India though similar prevalence rates have been reported across the country.

Conclusion {#s5}
==========

This two-time survey of NCR of Delhi shows marked increase in prevalence of hypertension in the last two decades both in rural and urban areas with higher rates of increase in younger age. This was also associated with fewer individuals with optimum blood pressure and more with prehypertension and hypertension. This calls for urgent population and high-risk approach to lower blood pressure in the community as the overall awareness, treatment and control levels showed no improvement over this time frame.
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